The process combination of in-line coagulation and subsequent membrane filtration is a suitable advanced treatment stage to achieve higher quality standards regarding pathogens and phosphorus in biologically treated wastewater prior to its discharge into sensitive water bodies. In this study a membrane pilot installation (capacity of 6 m 3 /h) was operated in dead-end configuration to investigate phosphorus removal and fouling behaviour depending on FeCl 3 dosage. In parallel, effects of in-line coagulation on the filtration behaviour were investigated in lab-scale filtration experiments.
improves the overall UF performance (Howe et al. ) .
The aggregation of colloids and the binding of larger macromolecules due to the coagulation as well as the rapid formation of the filter cake are necessary to prevent direct pore clogging (Bagga et al. ) . Lee et al. () describe an increased porosity of the cake layer after coagulation which results in a reduced filtration resistance. Therefore the ratio of floc size to membrane pore size is an important parameter with regard to the optimisation of the filtration performance of low pressure membranes (Howe et al. ) .
The current study investigates the process combination of pre-coagulation and membrane filtration to simulate the advanced treatment of secondary treated effluent in pilot plant experiments and short-term lab-scale filtration tests. 
MATERIALS AND METHODS
Size exclusion chromatography-organic carbon detection Total organic compounds (TOCs) and dissolved organic compounds (DOCs) of raw water, permeate and backwash water samples were determined as a bulk parameter using column with decreasing molecular weight in the following sequence: (i) biopolymers (including extracellular polymeric substances, e.g. mainly protein-like and polysaccharide-like substances), (ii) humic substances, (iii) low-molecularweight acids and (iv) low-molecular-weight neutrals.
Pilot plant experiments
In this study a membrane pilot installation was tested for phosphorus removal and fouling behaviour depending on The aerated backwash at the lab-scale module was used in the experiment series (a) and (c).
For each filtration experiment a new membrane module was potted by a self-developed procedure. Prior to use, the new membranes were rinsed with pure water and a 
RESULTS AND DISCUSSION

DOC characterisation of surface water
The composition of DOC in the LWK water is influenced by DOC sources in the catchment area of the surface water (natural and anthropogenic allochthonous sources, e.g. secondary effluent, rain water discharge) and microbial processes (production and degradation) (Sachse et al. ) . Table 1 
Preliminary experiments
In preliminary jar coagulation experiments the reduction of DOCs was observed. Coagulation jar experiments were repeated with LWK water of different compositions (five In comparison, humic substances were reduced by 5 ± 2%
(n ¼ 15) and the total DOC by 3 ± 1% (n ¼ 
Lab-scale membrane filtration experiments
The filtration performance in lab-scale membrane tests is displayed as the normalised permeability (standardised to 20 W C) after the backwash based on the initial permeability (J sp /J sp,0 ) and represents the part of the flux reduction which cannot be recovered with the backwash (hydraulically irreversible flux reduction).
Influence of particles
Larger particles are not expected to influence the filtration behaviour of the lab-scale membrane unit due to its operation in cross-flow configuration. The cross-flow velocity governs the flow profile inside the membrane module and controls the transport of particles along the membrane surface. However, the results show that it is essential to produce additional shear forces through aeration during the backwash (Figure 2(a) ) 
Influence of dissolved macromolecular substances
The filtration performance (loss of permeability) decreases as a function of the permeate volume during the filtration of pre-coagulated and raw LWK waters (Figure 3(a) ). The test waters are pre-screened by 0.45 μm and defined as particle free. With regard to the cut-off characteristic of the membrane (cp. Figure 2( which may be responsible for the observed behaviour.
Influence of pre-treatment by in-line coagulation
In contrast to the preceding results, the in-line coagulation has a more significant influence on the filtration behaviour of the LWK water (Figure 3(b) ). A distinct initial filtration phase is identified in case of the untreated raw LWK water, which is characterised by a rapid loss of permeability.
Wang & Tarabara () characterise the initial filtration phase by a rapid decline of filtration performance because of pore clogging due to colloids and macromolecules.
After a permeate volume of 20 L the filtration is cake layer dominated and shows a smaller decline of the permeability.
The in-line coagulation as pre-treatment achieves a lower and nearly constant gradient in loss of permeability during the entire duration of the experiment. In particular, the direct pore clogging at the beginning of the filtration is prevented because of the described colloids aggregation and binding of larger organic molecules (Howe et al. ) . Thus, the coagulation leads to a fast transition to the cake-dominated filtration (Bagga et al. ) . August (dosing according to influent c PO4-P at a fixed ß PO4-Pvalue of 6, which equates to FeCl 3 doses within a range of 1-2 mgFe/L), which is marked by an increased gradient (decline of 14 L/m 2 h bar per day in average).
Pilot plant operation
The decline of the permeability during the filtration does not show a correlation to influent biopolymer concentration. In contrary, the formed filter cake, which is mainly comprised of coagulation products and its apparent insufficient removal during the backwash, seems to dominate the filtration in cases of higher FeCl 3 dosages. The coagulation leads to a less porous filter cake which stands in contrast to results of Lee et al. () .
Phosphorus removal
The dynamic coagulant dosing combines the influent orthophosphate concentration and the concentration of 
